Background: As life expectancy of HIV-infected patients increases with use of highly active antiretroviral therapy (HAART), protean haematologic manifestation including decreased activity of natural anticoagulants such as protein C may occur in the absence of genetic risk factors. Based on this preposition, we assessed the plasma level of protein C, and prevalence of factor V Leiden mutation among HIV-infected individuals. Our cohort consisted of 499 HIV-infected patients, of which 250 had AIDS, while 249 were either asymptomatic or had minor muco-cutaneous infection consistent with WHO clinical stages I and II without features of AIDS. We also evaluated 251 healthy, HIV-negative subjects as controls. All participants were tested for plasma protein C levels and factor V Leiden (FVL) mutation (Arg 506 Gln) by automation and amplification created restriction enzyme site (ACRES) polymerase chain reaction, respectively. The prevalence of reduced protein C plasma levels among HIV positive patients was 20%; it was more prevalent among those that had AIDS compared with those without features of AIDS, but within WHO clinical stage I and II, (93.3% vs 6.7%) respectively. None of the control patients had either reduced protein C nor FVL mutation. All participants that demonstrated reduced protein C plasma levels demonstrated normal FVL genotype (1691G/G). Conclusion: Decreased protein C plasma levels can occur in HIV-infected pa-* Corresponding author.
Introduction
As human immunodeficiency virus (HIV) infection becomes chronic condition due to the successful prolongation of life expectancy among patients treated with highly active antiretroviral therapy (HAART), protean haematologic manifestation including decreased activities of some natural anticoagulant glycoproteins such as protein C (PC) may occur [1] [2] . This phenomenon is related to HIV-associated hypercoagulability [3] [4] . The activation of protein C, a vitamin K dependendent glycoprotein is enhanced approximately 1000-fold by thrombin when it binds to thrombomodulin on the endothelial phospholipid surface of blood vessels [5] . This binding blocks the ability of thrombin to catalyze fibrin formation. Activated protein C (APC) functions by inactivating activated factor V (FVa) through cleavage of argenine (Arg 506). This is the site of factor V Leiden (FVL) (Arg 506 Gln) mutation which induces resistance to activated protein C [6] [7] . Activated protein C requires protein S as a co-factor. The FVL mutation slows down the inactivation of factor Va by APC in addition to degradation of factor VIII a [5] [7] . FVL mutation is recognized as the most common cause of inherited thrombophilia, resulting from decreased degradation by activated protein C [8] .
Acquired protein C dysfunction has been reported among patients with vitamin K deficiency, use of vitamin K antagonists, those with liver disease or among those with rare mutation in the gamma glutamyl carboxylase gene [5] . In HIV infection, various pathophysiological mechanisms have been proposed to explain protein C down regulation. Klein et al., asserted that the presence of antiphospholipid antibodies such as anticardiolipin or lupus anticoagulant and their co-factor β 2 glycoprotein 1 can inhibit the action of APC by interference in its activation pathway [2] . Antiphospholipid anti-bodies have been shown to be present in 82% -92% of HIV infected patients [9] - [11] . It was also observed that inflammatory cytokines such as tissue necrosis factor alpha (TNFα) released in chronic HIV disease may lead to down regulation of natural anticoagulants such as protein C and protein S [12] . Of all the natural anticoagulant pathways, protein C appears to be most affected by inflammatory responses [13] [14] . Immune activation and increased apoptosis of T cells, as seen in HIV-infection generates micro-particles which may bind protein S (a co factor to PC) rendering it inactive [15] .
This study was therefore undertaken to assess plasma level of functional protein C in HIV-infected individuals in the absence of factor V Leiden mutation. This may represent a possible cause of the hypercoagulable state seen among HIV-infected patients.
Materials and Methods

Study Area
This prospective cohort study was conducted between October 2012 and August 2014 among HIV-positive subjects seen in University of Maiduguri teaching hospital (UMTH), Borno State, Nigeria. UMTH is located at the edge of the Sahara desert, it is a 560 bed tertiary health facility which houses a major HIV care and support centre, National poliomyelitis laboratory, Avian flue centre and a National blood transfusion service (NBTS) centre. It is designated a centre of excellence in immunology and infectious diseases.
Study Population
The study population was composed of 499 HIV-infected patients that were divided into two group: (GI) a cohort of 250 asymptomatic patients or those with minor mucocutaneous infections (WHO clinical stage I and II) who were HAART ineligible by WHO criteria [16] ; and, (GII) 249 HAART-exposed patients in WHO clinical stage IV, with features of AIDS [17] . Additionally, 251 HIV-negative clients (CI) were included as controls. Informed consent and pre-test counselling were instituted before the commencement of the study. Exclusion criteria included: immobility, pregnancy, clinical evidence of active thrombosis, use of tobacco, anticoagulant drugs, hormones or contraceptives. Demographic data were obtained through a semi-structured questionnaire and laboratory records. Ethical clearance was obtained from the research and ethics committee of UMTH.
Sample Collection
Ten millilitres (10 ml) of venous blood was collected aseptically from an arm vein of each subject; 2 ml was dispensed into EDTA specimen bottle for CD4+ T cell counts and FVL mutation molecular analysis. Four and half millilitres (4.5 ml) of blood was dispensed into a plastic bottle containing 0.5 ml sodium citrate (0.11 molar solution) to give a blood/citrate ratio of 9:1. Platelet poor plasma was separated after centrifugation at 3000 g and immediately used for functional protein C assay. Three and half millilitres (3.5 ml) was allowed to clot in a plain specimen bottle and serum was used for HIV screening and confirmation tests.
Laboratory Analysis
HIV screening was carried out using immuno-chromatographic reagent kits (Chembio HIV 1 and 2 STAT-PAK from Chembio diagnostic system Inc, Med ford, New York, USA). Positive screening tests were further confirmed by Western Blotting (Qualicode TM HIV 1 and 2 kit from Immunetics Inc. Boston USA). CD4+ cell counts were performed with Partec cyflow SL3 using CD4 easy count kit code. MOS-8401; both acquired from (PARTEC GMbH Am Flugp H2. Germany). EDTA blood sample was used.
Functional Protein C Assay
Protein C was estimated as quantitative functional glycoprotein using chromogenic Berichrom protein C kit from Siemens Health care diagnostic product GmbH Germany) Ref. OUVVIS. Internal quality control was achieved using normal control plasma N (Ref. ORKE) and pathological range control plasma P (Ref. OUP2). Result was expressed as % activity of standard human plasma (Re ORKV) with 70% -140% activity accepted as normal.
[17]- [19] . Estimation was carried out with automated coagulometer sysmex CA 560, S/N 1061 (Sysmex Corporation, Kobe-Japan) [20] .
Factor V Leiden (FVL) (Arg 506 Gln) Mutation Assay
DNA product extracted from frozen EDTA blood sample was subjected to Amplification Created Restriction Enzyme Site (ACRES) Polymerase Chain Reaction PCR-using forward primer ('5GTAAGAGCAGATCCCTGGACAGtC3'-) in the FVL gene with low cast deliberate mismatch and a reversed primer (5TGTTATCACACACTGGTGCTAA3') without a mismatch. PCR product was subjected to agarose gel electrophoresis. The procedure was carryout at Safety Molecular Pathology Laboratory (www.safetybiomedical.org) at the University of Nigeria, Enugu Campus, (UNEC) Enugu, State Nigeria.
Data Analysis
Statistical package for social science (SPSS) for windows version 20 was used for data analysis. Data was presented as means (×) and standard deviation (SD). Comparison between variables was achieved by one way ANOVA and post hoc. P-value less than 0.05 at 95% confidence interval was considered as significant.
Results
A total of 499 patients were included this prospective study, and they were divided into two groups. The HAART naive cohort, group (GI) (i.e. asymptomatic or had minor muco cutaneous infection) consisted of 249 patients with a gender distribution of 167 (67.1%) males and 82 (32.9%) females. Group II (GII) consisted of 250 participants with AIDS of whom 150 were males (60%) and 100 were females (40%). The 251 control participants (CI), were made up of 168 (66.9%) males and 82 (32.1%) females. The mean age of the participants was similar across groups, and approximately half of the participants were single, with one third being married as shown in Table 1 .
Taking into consideration the mean ± SD of the studied population, as expected the CD4+ cell Count of controls was higher at 504.12 ± 213.89 cells/ul compared with of HIV-infected cohort. The mean CD4+ cell count of participants with AIDS (GII) was lower than that of patients in GI, 212.0 ± 49.29 versus 333.11 ± 91.97 cells/ul respectively. Correspondingly, the mean values of Protein C percentage activity was significantly higher among controls compared to that of HIV-infected subjects (P < 0.05). The Protein C % mean activity was more efficient (GI) than AIDS (GII) (P < 0.05), as depicted in Table 2 . Table 3 shows Protein C % activity and mean CD4+ cell count values in HIV-infected cohort with CD4 counts < 200 cells/µl and their FVL genotype. One hundred and eighteen (118) HIV sero-positive subjects had CD4+ T cell counts < 200 cells/µl. Those that were asymptomatic or had minor muco cutaneous infection (GI), had CD4+ cell count < 200 cells/µl in 15 (12.7%) compared with 103 (87.3%) in AIDS participants (GII) The mean ± SD CD4+ cell counts of 184.31 ± 11.02 and range (172 -194) among (GI) compared with 167.56 ± 16.04 and range (150 -183) among AIDS patients (GII) respectively. Ninety (90) HIV positive patients had CD4+ cell counts < 200 cells/µl. Of the 118 HIV-positive patients with CD4+ cell count < 200 cells/µl, 90 (76.3%) had deranged protein C % activity. Six (6.6%) were among the GI group with Protein C mean value of 67.37 ± 0.95 and range (65% -72%); while 84 (93.3%) of those in GII, had deranged PC % activity with mean a value of 61.4% ± 2.16% and range (63% -68%). All the HIV-seropositive subjects (90) with deranged plasma protein C levels had normal FVL genotypes (1691G/G) as depicted in Table 3 . 
Discussion
This study revealed a statistically significant difference in the mean protein C (PC) plasma levels in the control subjects compared to the mean values among patients with HIV. Previous studies had reported such observation [21] [22] . Down regulation of the PC was greater in the HAART experienced subjects with features of AIDS than HAART ineligible subjects. Advanced HIV disease and toxicity of antiretroviral drugs are known to be associated with haematological and hepatic impairments [23] [24] . Protein C, a vitamin K dependent glycoprotein is largely synthesized by the liver [24] . Deranged PC plasma level were observed in HIV subjects with CD4 + T cell counts < 200 cells/µl in our study. Deranged protein C level related to quantitative and qualitative defects in CD4+ cell count in HIV disease had been reported in the literature [7] [11] [21] [22] . The association was more marked among AIDS patients on HAART (93.3%). Only 6.7% of the asymptomatic HIV-infected subjects had decreased CD4+cell count and deranged protein C plasma levels, indicating that deranged protein C activity is more prevalent among those with advanced HIV disease and immunological AIDS (CD4+ cell count < 200 cells/µl). Worthy of note however is that all the subjects with deranged PC plasma levels in this study expressed normal FVL genotype (1691 G/G). This in our opinion appears to suggest that the down regulation of plasma level of protein C as seen in this study may be related to qualitative and qualitative defects in immune status, which appears to worsen as immune status diminished. De-visser et al. in a similar study, reported reduced sensitivity for activated protein C in subjects without FVL mutation [25] . Factor V Leiden (Arg 506 Gln) mutation is documented as the most common cause of activated protein C (APC) resistance which can result in deranged protein C functional activity level [25] .
Down regulated protein C levels in HIV disease have been associated with increased risk for venous thrombosis [1] - [4] [11] . This risk, which increases with advancing disease is believed to be 2 -10 folds higher in HIV disease compared to healthy population of similar age [11] [25] . Inhibitory effect of antiphospholipid antibodies such as lupus anticoagulant on activation pathway of Protein C in part has been adduced as one of the viraemic challenges responsible for deranged protein C plasma levels in HIV disease [2] . Stimmiler et al., [9] , and Ankri et al., [10] previously observed that antiphospolipid antibodies were present in greater than 70% of patients chronic HIV disease. Microparticles generated as a result of increased CD4 apoptosis in HIV infection can bind protein S-(a co-factor to protein C)-rendering it inactive [2] . Enhanced immune activation in HIV sero-positive subjects is believed to be another challenge responsible for the initiation of microparticle phenomenon in HIV disease [16] . The influence of increased levels of inflammatory cytokines such as tissue necrosis factor alpha (TNF α) in chronic HIV disease has also been implicated in the down regulation of natural anticoagulants such as protein C [12] [25].
Conclusion
Decreased protein C plasma levels can occur in HIV infected patients in the absence of FVL mutation. The risk increases with severity of the disease. Deranged protein C plasma level increases the risk of hypercoagulable state in patients with advanced human immunodeficiency virus, and it should be considered among the causes of thrombo embolism in this group of patients.
Recommendations
With the finding of reduced protein C activity in patients with advanced HIV infection, they are at risk of hypercoagulable state. Studies into risk factors-including defects in natural anticoagulant biomarkers which contribute to the balancing mechanism in haemostasis is advocated for comprehensive care of these patients.
